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Preface to the Series 

The RIKEN BNL Research Center (RBRC) was established in April 1997 at Brookhaven 
National Laboratory. It is funded by the “Rikagaku Kenkyusho,” (RIKEN) The Institute 
of Physical and Chemical Research, of Japan. The Center is dedicated to the study of 
strong interactions, including hard QCD/spin physics, lattice QCD and RHIC 
(Relativistic Heavy Ion Collider) physics through nurturing of a new generation of young 
physicists. The Director of RBRC is Professor T. D. Lee. 

A Memorandum of Understanding between RIKEN and BNL was signed on April 30, 
2002 extending this collaboration and the RIKEN BNL Research Center (RBRC) for 
another five years. 

Since its inception the Center has now matured with both a strong theoretical and 
experimental group. These consist of Fellows, Postdocs, RBRC Physics/University 
Fellows and an active group of Consultants/Collaborators. Computing capabilities 
consist of a 0.6 teraflops parallel processor computer operational since August 1998. It 
was awarded the Supercomputer 1998 Gordon Bell Prize for price performance. This is 
expected to be augmented by a ten teraflops QCDOC computer in 2003. The Center also 
organizes an extensive series of workshops on specific topics in strong interactions with 
an accompanying series of published proceedings. 

Members and participants of RBRC on occasion will develop articles in the nature of a 
status report, a general review, and/or an overview of special events, such as this one. 

N. P. Samios 

*Work performed under the auspices of U.S.D.O.E. Contract No. DE-AC02-9%CH10886. 
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QCD SPIN PHYSICS: FROM THE 
ALLOTROPES OF HYDROGEN TO THE 

POLARIZED COLLIDER AT IkHIC 

Robert Jaffe 
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SC 99.95% of the visible mass in the universe is 
composed of protons and neutrons. 

SC It’s the only nontrivial quantum field theory 
we have yet encountered in Nature. 

Q Standard model -+ perturbative -+ trivial 

c String theory/quantum gravity as yet unknown 

* QCD is remarkably challenging. 

m No free parameters 

“1 Interactions from symmetry 
(gauge invariance) 

f> Just the kind of challenge that awaits 
string theory when its underlying structure 
is discovered ! 

SC Surprising properties & haunting regularities 

RL Jaffe RIKEN/BNL April Xl02 
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SC Quarks: 3 light flavors, 3 heavy flavors 
Flavor Charge Mass 

U 213 l-5 MeV 
d -l/3 3-9 MeV 
S -l/3 75-170 MeV 

QCD = 150 to 250 MeV “Natural” Scale f 
of Strong Force , 

I c 213 1.15-1.35 GeV 1 
I b -l/3 4.0-4.4 GeV 1 

t 213 174.3 k 5.1 GeV 1 

3c Color and Quantum Chromodynamics 

e Quarks come in three colors: /fl/ 

a Color is a charge coupled to eight generajized 
“photons” + gluons. 

Spin-one 

a, w a! 
Gluon-gluon force 

SC Color confinement 
Quarks are confined in “bags” 
of “normal vacuum” surrounded by 
some poorly understood, complex 
phase of gluon condensate. 

RL Jaffe RIKEN/BNL April 2002 



* No scale! 

f 

SC No parameter! 

Wait! What about a,? - 

4n 

Asymptotic freedom 

shorter distance 

IF larger mass 
200 MeV 

3~ Hadrons form at the scale. where CQ grows large. 

* That scale, AQCD, defines the basic unit of mass 
for hadrons. 

* What about quark masses? 

Neglig ible 

ms F=: *QCD Perplexing 

Simplifying 

RL Jaffe RIKEN/BNL April 2002 
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SC Who discovered the spin of the proton? 

a Hint: Not Uhlenbeck & Goudsmit 

o Hint: He won the 1932 Nobel Prize for this 

discovery. 

I, Hint: He was a theorist. 

+ Hint: He wore an T% tie pin (!) 

* Werner Heisenberg 

SC .Actually, the discovery of the spin of the proton 

is also credited to the experimenter 

David Dennison, of the University of Michigan, 
who measured the specific heat of molecular 
hydrogen in 1927. 

RL Jaffe RIKEN/BNL April 2002 
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3c Physics. 1932 

a The prize was awarded to 

Heisenberg, Werner 

b. 1901, d. 1976 

Leipz ig Univers ity 

"for the creation of quantum mechanics, 
the application of which has, inter alia, 

led to the discovery of the allotropic forms 

of hydrogen. I1 

Parahydrogen Orthohydrogen 

S =0 

L = 0,2,4,. . . 

RL Jaffe RIKEN/BNL April 2002 

12 

L 

S =1 

- - 1,3,5,.. . 



* History of surprises began with Otto Stern’s 

1933 discovery 

* 

* 

ek 

” me 
= - @J 2.79 sp 

when he expected 1. 

So the proton is composite. 

First vision: Yukawa’s Pion 

IUP = 2.79 /-hi = -1.9’1 

= 1 
t, 

+A 

2.79 = 1 + 1.79 

Not Bad! 

RL Jaffe RIKEN/BNL April 2002 
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SC Then revision! 

Meson expansion is out of control 5 QUARKS 

Pn- 2, 1.91 - -----_ 

/hp - 3 - 2.79 

Successes like pn/pp led to more detailed 

model building, to development of QCD, and to 

predictions of proton and neutron spin content. 

SC First vision: 
ii lp) = luud) 

In) = [udd) 

SC Three nonrelativistic quarks in 

an s-wave bound state 

SC Additive quark model: Spin of the nucleon 
is the sum of the quarks’ spins. 

RL Jaffe RIKEN/BNL April 2002 
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* Quark spin operator: 

n&asp = (NsI&+~5qaINs) 

SC 4”/ky5q is the generator of the internal rotations 
of the quark field about the Ek direction. 

* Nonrelativistic limit: 

SC But how to measure?? 

SC P-decay, parity-violat 
certain combinations 

ing coupling measures 
of AQ’s: 

Q! F+D = AU - AD measured in’ 
nucleon p decay. 

~3 37’~ AU - AS in hyperon (A, E, . . . ) 
p decay. 

F + D = 1.257 -+ 0.003 
3F - D = 0.575 + 0.016 

RL Jaffe RIKEN/BNL April 2002 
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A>= AU+AD+/\S 
=3F-D+3AS 

Three independent quantities, 

{ AU, AD, AS,} or 

{F, D, & AI } 

But only two can be “measured” via p decay. 

Before the “modern era”: 

A>= 0.60 310.05 + 3&S' 

3c Relies on (U t) d ++ S) symmetry, but that looks 
reliable. 

* The problem lay in waiting: 

;I If A> x 1 then AS z 0 41 . . 

- If A> N” 0.6 then what carries the nucleon 
spin? 

c:> What if A> is very different from unity?? 

RL Jaffe RIKEN/BNL April 2002 
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“Hard” Momentum 
Transfer Makes QCD 

Easy! 0.1 - 

I I ) momentum 

80 GeV 
transfer 

l Hadron-hadron scattering at low momentum 
transfer (Swiss watches!) 

Dozens of reaction products - 
baryons mesons, strange 
particles,. . . 
nearly uninterpretable 

.O Hadron-hadron scattering at high momentum 
transfer 

Q Turn QCD on itself! 

RL Jaffe RIKEN/BNL April 2002 

17 

One-gluon exchange 
+ quark +- jet 



* dx,Q*> - Probability to find a quark with 
p - x:P, in a nucleon with I& when probed at a 
distance scale - 1/Q . 

SC Why? Why not u(Z,t)? 

SC Because these exist in RQFT! 
and can be measured! 

Spin dependence: 

* NJ(x) = J(x) - u-l(x) + ul‘(x) - d(x) 

SC And spin components defined earlier are 
x integrals: 

AU= 
/’ 
, om dx AU(x) 

a(~, Q2) 

Heuristics and possibility of measuring A> 

Generalize to gluon distributions - 

9~ .G(x!&*) momentum distribution of gluons 

SC aG(x,Q2) gluon spin distribution, with 

.i 

a :x 
AG= 

0 
dx G(x) 

RL Jaffe RIKEN/BNL April 2002 
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SC SLAC-Yale Collaboration 19704985 

3c EMC & SMC at CERN 19804999. 

SC SLAC redux, Hermes, COMPASS, . . . , 1990-. . . 

* Gives sum rules for polarized scattering 

s O” d~g;~(x, Q*) = 1’* 
0 

-(9F - D + 6ns(&*)) + O( In Q*) 

- 1(3F + D + 2AE(Q*)) + O( In Q*) 
- 18 

.I 
O" kc &"(? &*I - 118 

0 
- -(SF - 40 + 6As(Q*)) + O( In Q*) 

- 1(-2D + 2AE(Q*)) + O( In Q*) 
-7 18 

l Experiments conclude: 

Only a small fraction of the proton spin 
is carried by the spin of the quarks 

(14 ItI 9 * 21)% 

RL Jaffe RIKEN/BNL April 2002 
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3 SLAC -:; NMC ..I. BCDMS 
x=O.COlM32 

0 Hl 96-97 preliminary 

l Hl 94-97 e’p 

- NLOQCDFit 

c,(x)= 0.6 - (i(x)-0.4) 

I 1 TIT=-. ,‘,.“;.,‘,I”‘.‘. . ..‘*YT-T :,I,,:.,= : so.65 ,;;,> , ,,,,,, 
IO2 

1 
1 10 lo3 IO4 ^ 12 ^ 

Q’/GeV’ 

World data ongf 

December 1998 

x=0.008(x2048) 

x=0.035(x256) 
LU 

+--. x=0.08(x64) 

10 

1 A 

a 
__O__,,~-Cr"-'*~"'7--o-I----~- X=0.175(X16) 

ei? o-~~A~--..+---~ ----*--. x=025(x8) 

----e-e q)--*--,- ---.--,- f _____ gxy3-4: 

‘Q--Q.+ Q - 
-1 

-e -.----- Jr x=0.5(x2) 

10 
*I 

-----*-, 

0 El43 
m SMC 

- AHERMES 5. 
-2 

10 r 
* EMC -*-‘9---t,- 

! I I , ,,,,, I 
1 

Q2 [&WC) 2] 

lo2 

) J 



* Dominated by the realization that QCD spin 
structure is 

o Complex, subtle, and interesting 

+ Open to study with methods of perturbative 

QCD (pQCD) at high momentum transfer 

3; Defined by the advent of new facilities 

g2 Dominated by the Polarized Collider at RHIC 

r. Complemented by muon scattering in 
COMPASS at CERN 

e And the continuing electron scattering 

program at HERMES at DESY 

RL Jaffe RIKEN/BNL April 2002 
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Polarized Proton Collisions at BNL 

P Lmax= 2 x 10DL s ’ cm L 
- 70 % Polarization 

I 
6 = 50 500 GeV 

BRAHMS 
PP2PP 

RHIC 

SDin Rotators L 
Siberian Snakes 

2~10~ ’ Pol Protons / Bunch 
&= 2011 mimrad 

Siberian Snake 

2 A Polarimeter 

4- 200 MeV 
Polarimeter 

500 /LA, 300 ps, 7.5 Hz 

RL Jaffe RIKEN/BNL April 2002 
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SC What is the spin substructure of the nucleon? 

Experiment Theory 

* What is the role of gluons? RHIC 

They carry half the nucleon’s momentum. 

Gluon spin and the axial anomaly-are deeply 
linked. 

e What is the role of antiquarks? RHIC 

a What about orbital angular momentum? 

E What other spin information lurks in the 
nucleon? 

Tra nsversity! RHIC 

Correlated spin x transverse momentum 
distributions. RHId 

* Does pQCD, factorization, etc. apply without 
modification to polarization processes? 

eJ New tests of pQCD in polarized ha’dron 
collider physics RHIC 

e First test the foundations, then explore 
new regime. RHIC 

RL Jaffe RIKEN/BNL Apri I 2002 
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I . 
and 

What does quantum field theory tellus? 

+X(x, Q*) + AG(x, Q*) 

+ LQ(x~ &2) + &b, Q*)] 
Manohar & Jaffe 

Bashinsky & Jaffe, Hagler & Schafer 

Hari.ndranath & Kundu 
Theorists 

cQ(X,Q*) and &--&,Q*) are quark and gluon 
orbital angular momentum about the p axis in 
the infinite momentum frame. Probably not 
experimentally measurable. 

Challenge to Lattice QCD 

AG(x, Q*) is measurable 

Prime objective for RHId (see Saito’s talk) 

Total gluon spin contribution will be measured 
experimentally and 

Presents important challenge to Lattice QCD 

.‘I- Jaffe RIKEN/BNL Aljril 2002 
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SC No reason for AG to be small 

SC Operator for AG is extremely interesting: 

gluon dual 
field gluon field 

nc(Q2> = &/ &-4r-> (PSI 

where 

E(X) = 
i 

1, for x > 0 

-1, for x < 0 

* So in general gauges, the operator corresponding 

to gluon spin is nonlocal! 

SC However, in A+ = 0 gauges it reduces to 
local operator 

1 A+=0 I 
AG - --#SPA++* - A*F+‘IPS) 

RL Jc7ffe RIKEN/BNL April 2002 
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3c Gluon spin in light-cone gauge: 

AG ‘2’ -&S~A++2 - A2F++S) 

SC Identical to generator M$12 obtained 

from symmetry analysis, which confirms 

parton analysis 

SC Also identical to anomalous (Kogut-Susskind) 

current in A+ = 0 gauge, which explains 
mistaken identification of /\G with anomalous 

current 

SC Calculation of /\G on lattice is an important 

challenge. 

SC We likely have not heard the end of AG and 

the anomaly. 

RL Jc7ffe RIKEN/BNL April 2002 
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Unexpected I arge asymmetries: 

SC Azimuth a I asymmetry observed at HERMES in 
efl-+ e’rX with target polarization parallel to 
lepton beam. 

.,.,,I, x, 
0.2 0.4 0.6 

Z 

II ,,,,I,/, 
0.1 0.2 

X 

I, I ,,I,,,, 1, , , , , ( , ( 

0.25 0.5 0.75 1 

P (GeV) 

Note approximate with u-quark dominance. Should be approx. 
,+. TO. r- . . . . 1 : 1 : 0. Data show d- - x0 ~2 TT - 

RL Jaffe RIKEN/BNL April 2002 
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* Classic IF x 23. ‘s‘l asymmetry in $1 p + T X 

a.4 - -IL4 
A pT S0.7GeV 

* p, >0.7GeV 

+ 
t t ; 

a.2 - * + 

la” - + 4 + 4 4 ‘-J ------------- + &5L...~---- ___--__ _-_-_* ______________ 

4 4 +I 0 
-0.2 - 0 

0 

d 50.7GeV 0 
-0.4 - pT t : - 7r- 

D 40.7GeV pT 

-0.6 . . ..‘....‘....‘..,,‘..,.‘,,..‘,,.,’....’..,.’..” 
0 0.1 0.2 0.3 0.d 0.5 0.6 0.7 0.8 0.8 1 

XF 

E704 at Fermilab 

-j, In QCD both these asymmetries are 
twist-three effects, expected to vanish like PI/&. 
Nevertheless, both are strikingly large. 

SC Higher-twist effects in totally inclusive 
experiments (e.g., 92 and twist-four corrections 
to DIS) are very small. 

3r Difference here is processes involve 

[parton distribution] [parton fragmentation] 

RL Jaffe RIKEN/BNL April 2002 
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Theorists have raised questions about factorization 

in DIS processes with observed hadrons. 

SC Single particle inclusive Iepto-production: 

initial quark distribution x quark fragmentat ion 

function 

SC Hadron-hadron scattering at 

high momentum transfer 
Initial quark distribution x initial quark 
distribution 

RL Jaffe RIKEN/BNL April 2002 
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SC Brodsky, Hwang, and 
Schmidt hep-ph/0201296; 

Collins hep-ph/0204004 

SC Need to reinterpret 
factorization in light of 
important final state interactions. 

Wonderfu I tests at RHId 

* ATT/&L << 1 Because there is no gluon- 
transverse spin in the deep inelastic domain. 

N. Saito & R. Jaffe 

SC Interference fragmentation function (free of 
factorization ambiguities) measures transversity 
at RHIC 

SC Complete study of single spin asymmetry, -AN at 
eiz 

RL Jaffe RIKEN/BNL April 2002 
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jc QCD is rich and complex and we are made of it! 

* Precise studies of quark/gluon composition of 
nucleons surprise us: 

I, Spin fraction of quarks is small. - 

a Nucleon contains polarized strange quarks. 

e Complex structure ( Simple quark models? 

SC Challenges to theorists! 

8 Specific matrix elements for lattice QCD 

d Does pQCD work for transverse spin? for 
distribution x fragmentation? 

p What does carry the spin of the nucleon? 

* Future measurements at CHIC 

!? Test of pQCD 

- Polarized gluon and anti.quark distributions 

a Transverse polarizat on distributions 

RL Jsffe RIKEN/BNL April 2002 
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POLARIZED PROTONS IN RHIC 

Waldo MacKay 
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A Layout of the RHIC and injectors. 
AU RIKEN contributions to RHIC Spin program. 

AU Intro to accelerator physics. 
l Spin dynamics. 
l Depolarizing resonances. 

AU Hardware: Siberian snakes and rotators. 
ti AU lSt polarized proton run. 

AU Future plans. 
-AU Summary: successes of RIKEN/BNL Collaboration. 

BROOKHiIEN 
Spin Physics Program Celebration 
Waldo MacKay 30 April, 2002 



~ll\c AL i mm3r mxwmcor 
AGS: Alternating Gradient Synchrotron 
n-r-l-q-fi n 1 1. l .* TT T - ..a..# 

< 
\ 

T ThT A /7. T :-- - - A --l----L- .- 

KH C\ ,Y Kf?I2ttlVICtlP HeI)V\7 Inn ( ‘r\lllap,r 

Spin Physics Program Celebration 
Waldo MacKay 30 April, 2002 



. . _ ~..- ._ - 

tions to RHIC Spin 2 

fi Superconducting Helical Siberian Snakes 
M Superconducting Helical Spin Rotators (PHENIX and STAR) 

Total of 48 helical dipoles 

M Special probe for magnetic measurements of helical dipoles 

z -M Power supplies and quench circuits for Snakes and Rotators 
ti Polarimeters (Subject of following talk by Dr. K. Kurit a) 

Domo Arigato Gazaimaslhita. 

,.- . 

BROOKHAilEN 
NATIONAL LABORAI’ORY 

Spin Physics Program Celeb’ration 
Waldo MacKay 30 April, 2002 



a 
!I3 
i’ d n Magnetic Fields B 

Dkole magnets bend the beam 
arknd t he”ring . 

Bend magnet (dipole) 

p1-oton 
-_ .- . -_ 

q=+l 

E 

Field out of screen 

<i . 

BROOKtiAUEN 
NATIONAL LABORATOKY 

Quadrupole magnets focus the 
beam for stability. 

Magnetic Lens (quadrupole) 
Vertically focusing 

Magnet 
Field 

Force 

:ic 

0 Protons moving into screen 

Spin Physics Program Celebration 
Waldo MacKay 30 April, 2002 



Alternate focusing and defocusing lenses for stability. 

Horizontal Betatron Oscilla$ion 
with tune: vh = 6.3, 

i.e., 6.3 oscillations per turn. 

NATIONAL. LABORATORY 

Vertical Betatron Oscillation 
with tune: V, =‘7.5, 

i.e., 7.5 oscillations per turn. 

Spin Physics Program Celebration 
Waldo MacKay 30 April, 2002 



I. of Proton 2 

Gyroscope +Bar magnet+ Charge = “proton” 

. 
Spin 

Magnetic 
Dipole 

Moment 

Polarization: Average spin of the ensemble of protons. 

/’ 

BROOKE-iiWEN 
NATIONAL LABORATORY 

Spin Physics Program Celebration 
Waldo MacKay 30 April, 2002 
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..a-: 

BROOKdEN 
NATlONAtL LABORATOKY 

Example with 6 precessions of spin in one 
turn: 

Gy+1=6. 

Spin tune: number of precessions per turn 
relative to beam’s direction. 

So we subtract one: 

vspin = Gy CC energy, 

i.e., 5 in this example. 

Spin Physics Program Celebration 
Waldo MacKay 30 April, 2002 



esonances B 

Resonance Condition: 

where N and NV are integers. 

-.., _.;- 

-’ 

BROOKHkMiEN 
i%Al‘IONAL LABORATORY 

Magnetic Lens (quadrupole) 
Vertically focusing 

Magnetic 
c Field 

Force 

0 Protons moving into screen 

Spin Physics Program Celebration 
Waldo MacKay 30 April, 2002 





l 2 snakes: spin is up in one half of the ring, 
and down in the other half. 

l Spin tune: Uspin = $ 

(It’s energy independent .) 

s 
l “The unwanted precession which happens 

to the spin in one half of the ring is un- 
wound in the other half.” 

BROOKtilWEN 
NATIONAL LABORATORY 



lex for Protons 8 

RHIC pC Polarimeters , 

BRAHMS & PP2PP (6, 

Absolute Polarimeter 

Pol. Proton So 

200 MeV Polarimeter AGS Internal Polarirneter 
y Rf Dipoles 

BRooKH[ir;l;rEN 
NATIONAL LABORATORY 

(IFi jet) 

. L .  -----iii__ 

Spin Physics Program Celebration 
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ipoles 2 

NATIONAL LABORATORY 

Spin Physics Program Celebration 
Waldo MacKay 30 April, 2002 



n through Snakes B 

10 

5 

0 

-5 

.lO 

BROOKfi&ifEN 
NATIONAL LABORATORY 

Spin Physics Program Celebration 
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tion of Cold Masses A 

. . . -I ,-c 

BROOKfii&EN 
NATIONAL LABORATORY 

Spin Physics Program Celebration 
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nstal ation of Rotators B 

c ““p 

BROOKkktiEN 
NATION.<L LABORATORY 

Spin Physics Program Celebration 
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Rotators B 

4 

2 

0 

-2 

-4 

10 

0 
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of 1s” Rim B 

Parameter Design 

C.M. Energy [GeV] 500 

L [ x 10 3o cm -2s-1 I peak 200 
Polarization 70% 
Polarization direction Vert. & L0ng.t 

lst Run 

200 

15 . 

25Y 0 

Vert . 

Protons/bunch [x loll] 2 08 . 

bunches/ring 112 55 

P* [ml 1t 3 

Emittance K$& [r ‘urn] 20 25 

f STAR and PHENIX only. 

..<,S’ ,tT‘; 

BROOKkdiEN 
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larized H’ Sotirce B 

*Optically Pumped Polarized Ion Source 

,,- ” ’ 

BROOKHP,r;VEN 
NATIONAL LAUORATORY 

KEK OPPIS* 
upgraded at TRIUMF 

70 + 80% Polarization 

15 X 1011 protons/pulse 

at source 

6 x 1011 protons/pulse 

at end of LINAC 
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o Source: Worked beautifully. 

l Booster: No depolarization. 

l AGS: Polarization loss larger 
in FY02 due to lower ramp 
rate and higher bunch inten- 

K sity 
l Failed main magnet 

power supply. 
(Repair by Fall’02.) 

o AGS: New partial supercdn- 
ducting helical snake should 
give polariation - 70%. 

<-A ,. 
,a“ . f 

BBOOKHtWEN 
NATIONAL LABORATORY 

0-i-V” 24-v, 12+v, 36-v” 24-w 48-v, 36+v, 

$-70- 
‘G 
.: 60- 
5 

2 50- 

gi”” Data 
7 

2002-Data -+ I 

20 

1 
10 
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olarizat ion 2 

60 
r 

-7 

Beam Currents [x1011 protons] 

40 

20 

0.002 I- 
I - w,-.. - 

A- ‘l__ __ 

i 

A- 

0.001 - 

Measured Asymmetry 
0.000 I * , , I , , I , , , , , ( , , , , ( 

0 5 10 15 20 
Time [hours] 

., ._a) /- ,,c- p 
BROOKHAiiEN 

NATIONP;‘L LABORATORY 
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Preparations for Next Run 

l Next time: spin rotators at STAR and PHENIX 
for longintudinal polarization.. 

l New CNI polarimeter in AGS 
to improve tuning AGS for higher polarization. 

ul m 
Beyond Next Run 

l Polarimeter using Polarized Hydrogen Jet target 
for absolute calibration of CNI polarimeters in RHIC. 

l New Superconducting Helical Partial Snake in AGS 
to improve polarization transmission. 

t CNI: Coulomb Nuclear Interference. 

::. 
BROOKhhEN Spin Physics Program Celebration 

Waldo MacKay NATIONAL LABORATORY 30 April, 2002 



Successes from RIKEN/BNL Collaboration 

l First superconducting helical snakes. (Work very well!) 

l Polarized protons accelerated to highest energy. 

l First collider with polarized protons! fi = 200 GeV 

z l CNI polarimeters work beautifully. (See next talk by Dr. Kurita.) 

L’ 

*_.- i 
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PROTON-CARBON CNI POLARIMETER 
FOR RHIC 

Kazuyoshi Kurita 
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BR AHMS & PP2PP 

T 32 -1 _ 3 ,, 10 r\- -2, -Absolute Polarimeter 
L mix - LAlU Llll 3 

70% Beam Polarizati on - 
50 <Js ~500 GeV 

2 x 1O1l Pol. Protons / Bunch 
Partial Siberian Snak 

E=20nmmmrad 

Pol. Proton Source 
500 pA, 300 ps 

AGS Internal Polarimeter 

Kazu Kurta 
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r] Single Spin Asymmetry / / Double Spin Asymmetry 1 

Beam vertical P 

Kazu Kurita 
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inclusive pion asymmetry study in AGS-E925 
with carbon target 

H Apr,‘98 Carbon detection test in IUCF-CE75 
Jan,‘99 Kyoto Tandem test for E950 Si detector 

H Mar,‘99 AGS-E950 to study pC CNI in the AGS ring 
AGS-E925 with hydrogen target 

I Aug,‘OO Si detector calibration at BNL-Tandem 
q Sep,‘OO commissioning of RHIC pC CNI polarimeter 
IB Dec,‘Ol first spin physics run 

Kazu Kurta 
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RBRC theory wo.rksh.op [ni suma@~ 1997,. ‘I 
(T.L. Trueman and E. Leader, bNL-64724) 

: 

Coulomb Nuclear Interference Region 
(very forward elastic scattering ) 

0.050 

0.040 

lo-3<- t = q2 < lo-2 (GeV/c)2 

recoil carbon from PC!. 
scattering at around 90” 

C, proton k 

q=p-k 

450keV gOOkeV 
Kazu Kurita 

4 [GeV+*2] 

4 
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Si signal after Shaping 

-: 

\ 

‘--__ 
;-‘--;------I--- _ __ - , -4 * = 

i ._- 
.-- 

Mass distribution 

L 

range n T= 50-IOOns 
ATpulse height 

A = 40-400mV 
Kazu Kurita 
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Helical Dipole Magnets Siberian Snake n 

Two snake operation 
Spin direction is vertical 

P ,,,,<25OGeV/c 

One Snake Operation 
Spin direction is horizontal 

P ,.,eam< 100 GeV/c 
Kazu Ku&a 
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Sep.,2000 
Polarization with o.Lo3 

u.cm 
Snake magnet u.ca3 

D 
ON/OFF -u.cca 

Gy=46.5 Injection energy 
Snake OFF Vertical polarization 

G=l.79285 
w- : orentz factor 

Polarization 
was kept up to 
N30GeV 

Gy=48 Acceleration with Snake ON 
Horizontal polarization 

Gy=46.5 Injection energy 
Snake ON Horizontal polarization 

kwmumR+-QcldwJ 
Q" 46.7-b 54-3 

am 

0Jxa 

0.oc; 

o,w 

#Jxa 

0 

-iME2 

-mm4 

-au% 

-Pm 

-CM 

Gy=48 Acceleration with Snake OFF 
Polarization lost 
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I Y’ ’ n cornmiSsioning ‘, 
q 

•1 

0 

q 

q 

q 

I3 

One Sanke ., :. 

One P&+&r : _ : ‘.f 

Four Si ,detectors 

CAMAC FERA DAQ #J 

Two hours for 2M events *’ 

Six bunch mode :: . -.-i . ,’ /‘,> 
Lost Pol. at “GeV ’ ’ “.-: : i 

q 

: ‘n -1 ,, 

‘_ 0 . . . . : 

025 

02 

0.15 

0.1 

0.05 

0 

:"u rita 

-025.02-0.154;14fi 0 0.05 0.1 0.15 02 025 

x10 
-2 



.- -_ .- .-,. e: _ . . . . .c-. 

H Cheers! 

Kazu Kurita 



Spin Celebration@ RBRC 19 

Beam currents [X lo6 ions] 
About . ’ ’ ’ ’ ’ in both rings 

Integrated luminosity 
PHENIX 0.18 = l = n 

2 STAR 

Polarization -History. 
l MeasurerWnts stable. I 
*Polarization = . m -a- ‘o/o 
Gystem&ic error k25%, 
Gmall ( if at all ) pol. 
loss during store 

-.--.---^--..- --II- 

X Physics Asymmetzy (1/13/&2)~ 
x10 g 

I 
h : 

Accelerate 4 
-5 
E .4 _ 4000 
* m I 

;t I I I 3000 
B .- 
2 I 2000 
z 1 $ I , - 

I 1000 

0 p-q I dIJ I I I 1 I ,-j 0 
m 

Injection 
1 OOGeV store 

-1 1 L 
Statistical errors only 7 ,- 1: -1000 

I- * I 1 I I I* I. I I I I I I. 
0 2 4 6 8 10 12 14 16 18 20 22 
rl x90 I X45xsqrt(2) A x-LSQ Hou~4 



Spin Celebration@ RBRC (9 

q Carbon recoil detection 
established in AGS and 
polarimetry 

technique was 
RHIC for pC CNI 

q Precise absolute calibration will be done 
using pp CNI scattering with .polarized 
gas jet target 



SPIN PHYSICS WITH THE FIRST 
POLARIZED PROTON COLLIDE-R, RHIC 

Naohito Saito 
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is 2: Spin Dependence of. 

l T Violation + Cp 

2~ Spin Dependence 

. . .:‘:.: 

Naohito Saito (Kyoto University/RIKEN/ RBRC) 





$2 PID 
l RICH 

:$$ MuOn Arms 

2: South Complete 
x North to be read 

for next run 

Naohito Saito (Kyoto University/RIKEN/ Rl3RC) 



Arm 
EI Muon Tracker 
z: Muon Identifier 

+s+ New Counter c 

$1 NTC 

Naohito Saito (Kyoto 
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e 170 M events processed 
2: First Collision of Polarized Proton 

Beams at 200 GeV!!! 
l 3.7 G events Processed 
l 0.15 rsb-l recorded I 

Naohito Saito (Kyoto University/RI 
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* HERMES 

v E-143 

* SMG 

o HERMES low-x preliminary 

0.75 - 
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0.25 '- 

0 __-~_-~~__--~~_-------~- 
II1IIIIII,,I,,,I,,,l,,, ,,,~,,,~,,,~,, 
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0.01 0.1 
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1 
Naohito Saito (E, _ _ _ LJniversity/RIKEN/ RBK) 
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Higher-twist Effect :. 

\o 
co Z: Hip, data is crucial in 
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~713~) > 3.5 GeVlc 
I 

2000 - 

1500- 

IOOO- 

500- 

,*‘x’ 
0’ t 

160 

140 

120 

100 

80 

60 

40 

r-L 
M(GeV/c*) 

. . 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 

2 4 6 8 IO 12 14 

pt (GeVlc) 

M (GeV/c*) 

w 11 Naohito Saito (Kyoto University/RIKJZN/ RBRC) 



Versus 

Fractiona 
E 

0.8 

. . 

1 

J- - _ 

,,A, 0.01 W. Vogelsang and M. Stratm&% ..“,. .‘,. :. _‘.. :, ,. 
0.0 0.00 F ‘.. . . , , I , / , ‘ ’ , ( 

0 10 20 30 0 10 20 30 

PT / GeV 

Naohito Saito (Kyoto University/RKEN/ RBRC) 



‘.’ 5 ’ 

:" 2002 200 GeV 5. ' 

"' ' 2003 200GeV 8 
506GeV 2 

2004 200GeV 8 
500GeV 2 

2005 500GeV 8 

200GeV 2 

2006 500GeV 5 
200GeV 5 

2007200GeV 10 

48pb-' 

300pb-l 
120pb-l 

210pb-l 

Naohito Saito (Kyoto Un 
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.$$e Trigger team Ied .by 

Matthias Per&ka,mp.~ . . ;. 

l 

Gamma2 
Gamma1 
Minibias 

i 
.l 

i 

I 1 I I I I I I I l I I I I I I I I I I I I I I I I I I I I 1 l 1 , 1 1 l , ,1, I L 

1 15 2 2.5 3 3.5 4 4.5 5 

pt (GeWc) 

Naohito Saito (Kyoto University/RIKEN/ RBRC) 
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Naohito Saito (Kyoto UniversityMIEN/ RBRC) 



CONCLUDING REMARKS 
RETROSPECTIVE ON THE RHIC PROJECT 

AND RHIC SPIN PHYSICS PRoGRAM 

Satoshi Ozaki 

;; 
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April 1991: Fest for Start of the RHIC Construction 

RHIC Idea conceived as part of the NSAC Long Range Plan in 1983 

Funding for 
construction 
began to 
flow starting 
Oct. 1990 

Brookhaven Science 
Associates 

KWWEN 
LABORATORY 

, __- - -- 



March 1997: The Au Beam through the lSf Sextant 

The success of the lSf Sextant test helped keep our momentum high 

Brookhaven Science 
Associates 



BORATORY 



September 1995: The beginning of the collaboration 

Initial MOU to cover the Spin Physics Collaboration was signed in 1995 

Initial contact to 
invite RIKEN 
scientists to join 
RHIC program 
took place in 
1992 

7 
Brookhaven Science 

Associates 
BROOKHHEN 

NATIOPAL LABORATORY 

/’ 



September 1995: RIKEN team in the tunnel 

Brookhaven Science 
Associates 

BROOKfiidiEN 
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/’ 
,/’ 

__- _ -- 



April 30, 1997: Signing of MOU revised for RBRC 
_- . _ --,- -, ..-. - _-. -1L. .- Yz2 : ‘.-, ;s ,Y. .‘; -‘A 7 - - c, 2x2~ mz$g--, 

1997 MOU included provisions to establish RBRC at BNL 

The DOE-STA 
protocol was 
signed on May 
q 1996, placing 
ik 3 

3 

co 
un 
Gc 

RIKEN-BNL 
laboration 
ler a formal 
v.-Gov. 

framework 

Brookhaven Science 
Associates 

__ - - _- 
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September 1997: Hanging of the RBRC Shingle 

Brookhaven Science 
Associates __- _ _- 

BBOO EN 
NATIOJk6L LABORATORY 

I ,’ 



September 1997: Japan/US Culinary Exchange 

Brookhaven Science 
Associates 

mmMiii6EN 
NATI?,wL LABORATORY 
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Conclusions /- 
l Message from the Symposium 

- The spin physics program at RHIC has opened an important new 
frontier of science 

- It would not have been possible to achieve this success without a 
wise investment of the US-DOE and strategic contribution from 
RIKEN and the Japanese Government. 

l We came a long way to reach accomplishments which we celebrate w 
I3 today. 

0 RHIC is well on the way in producing exciting physics results in the 
Relativistic Heavy Ion physics arena. 

l RHIC is ready to make a strong leap forward in the Spin Physics arena. 

l Achievements presented today are the fruits of 
- extensive efforts of many people, not only at BNL but. also at RIKEN 

and elsewhere in the world 
- strong support of the scientific community 
- good understanding of the funding agencies 
- And, especially, a strong leadership. 

Brookhaven Science 
Associates 

_- - - 
. . ’ 

-- 
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Visit to BNL bv the Minister of Education, Culture. Suorts, Science and Technolow 

Date: April. 30,2002 

Time: 8:OO a.m. -1l:OO a.m. 

Visitors 

TOYAMA Atsuko (Mrs.) Minister of Education, Culture, Sports, Science and Technology 

IMAMURA Tsutomu (Mr.) 

OSANAI Masaru (Mr.) 

ASADA Kazunobu (Mr.) 

FUKAI Hiroshi (Mr.) 

lNOUE Keiji (Mr.) 

ARAKI Hideo (Mr.) 

Director-General, Research Promotion Bureau 

Ministry of Education, Culture, Sports, Science and Technology 

Director, International Science and Technology Affairs Division 

Science and Technology Policy Bureau 

Ministry of Education, Culture, Sports, Science and Technology 

Secretary to the Minister of Education, Culture, Sports, Science and Technol 

Secretary to the Minister of Education, Culture, Sports, Science and Technol 

Deputy Director, International Affairs Division, Minister’s Secretariat 

Ministry of Education, Culture, Sports, Science and Technology 

Assistant Police Inspector, Metropolitan Police Department 

Agenda 

6:00 a.m. Ministers party departs Hotel, Manhattan 

8:00 a.m. Breakfast at Three Village Inn 

Minister Tohyama, Prof. Arima, J. Marburger, S. Takeda, S. Ozaki 

8:00 a.m. Breakfast at Danford’s 

P. Paul, S. Kobayashi, T.D. Lee, (T. Imamura?) 

850 a.m. Depart from Breakfast site 

9:30 a.m. Arrival at BNL. Proceed to Building 460 

Signing of the MOU in Laboratory Directors office 

Attendees: 

Dr. S. Kobayashi, Minister Toyama, Prof. A. Arima, 

Dr. P. Paul, Dr. J. Marburger, Prof. T.D. Lee, Dr. H. En-yo 

Drs. P. Rosen, D. Kovar, M. Gunn, F. Crescenzo 

Drs. I. Tanihata, T. Kirk, N.P. Samios, S. Ozaki 

Minister’s entourage from MEXT (6) entourage from NYC (2) JSPS (2) 

Visitors from RlKEN (3) C. Shimoyamada, A. Taketani 

BNL Public Affairs, Press if any, Photographer and video person 



Activities: 

9:30 Introduction of Minister by S. Ozaki to US members 

Greeting by S. Kobayashi and introduction of Japanese members 

Greeting by P. Paul, and Introduction of members on US side 

9:40 Signing of MOU and Implementing Agreement by S. Kobayashi and P. Paul 

Photo Sessions 

9:50 Address by Minister 

Address by J. Marburger 

10:00 a.m. Depart Director’s Office for Tour 

BNL Attendees: P. Paul, T. Kirk, N.P. Samios, at al 

10:00 a.m. Tours of RHIC for Minister and RIKEN parties Tour Leader: S. Ozaki 

lo:05 Arrive at PHENIX Counting House 

Poster presentation by Japanese Researchers (in Japanese) 

lo:20 PHENIX Experimental Halls 

lo:35 RHIC Tunnel, 

lo:55 Depart from PHENIX Counting House 

11:OO a.m. Departure from BNL for Yale University, New Haven, CT 



Spin Program Celebration 

Date: April. 30,2002 
Time: 9:30 a.m. -9:00 p.m. 

9:30 AM Japanese Delegation arrival at BNL. Proceed to Building 460 
Signing of the MOU in Laboratory Directors office 
Attendees: 

Dr. S. Kobayashi, Minister Toyama, Prof. A. Arima, 
Dr. P. Paul, Dr. J. Marburger, Prof. T.D. Lee, Dr. H. En-yo - 
Drs. P. Rosen, D. Kovar, M. Gunn, F. Crescenzo 
Drs. I. Tanihata, T. Kirk, N.P. Samios, S. Ozaki 
Minister’s entourage from MEXT (6), entourage from NYC (2), JSPS (2) 
Visitors from RIKEN (3), C. Shimoyamada, A. Taketani 
BNL Public Affairs, Press if any, Photographer and video person 

1O:OO AM Depart Director’s Office for Tour Tour Leader: S. Ozaki 
BNL Attendees: P. Paul, T. Kirk, N.P. Samios, 

10:00 AM Tours of RHIC for others Tour Leader: T. Kirk 
lo:05 Arrive at PHENIX Counting House 
lo:05 PHENIX Experimental Halls 
lo:20 RHIC Tunnel to see spin rotators, 
lo:35 Poster presentation of PHENIX and Physics Results 
1 I :00 Depart from PHENIX Counting House 

11:20 AM RBRC QCD supercomputer: Bldg: 5 15 Tour Leader: T.D. Lee 

12:00 PM Lunch at Berkner Hall Room A/B/C 
Opening Greeting: P. Paul and Marvin Gunn, ManFger, DOE/CH 

I :30 PM Special Symposium 
Chairman: T. D. Lee 

1:30 PM Opening Addresses 
P. Paul 
S. Kobayashi 
A. Arima 
N. Samios 
P. Rosen 

2:lO PM 30 R. Jaffe QCD Spin Physics: From the Allotropes of Hyd 
Polarized Collider at CHIC 

2:40 PM 30 W. MacKay Polarized Protons in RHIC 
3:lO PM 30 Coffee Break 

Chairman: H. En’yo 
3:40 PM 20 K. Kurita Proton-Carbon CNI Polarimeter for RHIC 
4:oo PM 30 N. Saito Spin Physics with the First Polarized Proton Co1 
4:30 PM 15 S. Ozaki Concluding Remark 

6:30 PM Dinner at Three Village Inn (by lnvitation only) 



Other RBRC Scientific Articles Proceedings Volumes: 

Volume 1 Prospects for Spin Physics at RHIC 
Gerry Bunce, Naohito Saito, Jacques Soffer, Werner Vogelsang 
July 2000 

Volume 2 Status Report on the Calculation of EYE 
RBRC-Brookhaven-Columbia Collaboration 
November 2000 

Volume 3 Scientific Presentations: 7th Meeting of the Management 
Steering Committee of the RIKEN BNL Collaboration, RIKEN, 
Wako, Japan, February 13-14,200l 

Volume 4 CP Violation in K Decay From Lattice QCD 
Thomas Blum and Robert Mawhinney 
RBRC-Brookhaven-Columbia QCDSP Collaboration 
July 26,200l 

Volume 5 Scientific Presentations: 8th Meeting of The Management 
Steering Committee of The RIKEN BNL Collaboration, 
RIKEN, Wako, Japan, March 11-12,2002 




